We study the transfer of spectral weight in the optical spectra of a strongly correlated electron system as a function of temperature and interaction strength. Within a dynamical mean field theory of the Hubbard model that becomes exact in the limit of large lattice coordination, we predict an anomalous enhancement of spectral weight as a function of temperature in the correlated metallic state and report on experimental measurements which agree with this prediction in V 2 O 3 . We argue that the optical conductivity anomalies in the metal are connected to the proximity to a crossover region in the phase diagram of the model. 71.27.+a, 71.30.+h, 78 Typeset using REVT E X 1
The interest in the distribution of spectral weight in the optical conductivity of correlated electron systems has been revived by the improvement in the quality of the experimental data [1, 2] . The traditional theoretical methods used in the strong correlation problem, have only been partially successful in describing the interesting behavior of the optical response which takes place in the strong correlation regime. This is most notable when the temperature dependence of the spectral weight is considered. We present here new optical conductivity data on metallic V 2 O 3 and analyze the problem theoretically it using a mean field theory which is exact in the limit of large number of spatial dimensions [3] . In this limit, lattice models can be mapped onto an equivalent impurity model subject to a selfconsistency condition for the conduction electron bath [4, 5] . This technique has already given some new insights into the Mott transition, which is realized in the solution of the Hubbard model [6] [7] [8] [9] . The new experimental measurements on V 2 O 3 test a critical prediction of the theory.
The goal of this paper is to demonstrate two points: i) that the present dynamical mean field approach is a useful tool which allows us to make qualitative predictions such as an anomalous enhancement of spectral weight as a function of temperature. This behavior of the spectral weight is confirmed by experiments in V 2 O 3 reported here; and ii) that the Hubbard model on a frustrated lattice, in the limit of large lattice coordination, with parameters extracted from the optical data, accounts for many other experimental features of the V 2 O 3 system, such as its phase diagram and large specific heat capacity. We also present results for the various quantities which are useful in the analysis of the optical conductivity of the Hubbard model , treated in an approximation which is exact in a well defined limit.
The experiments were carried out on single crystals of V 2 O 3 which were grown by the skull-melting process, carefully annealed, polished and mounted on a temperature-controlled stage in an optical cryostat [1, 10] . The specular reflectivity was measured using a Fourier transform spectrometer over a frequency range from 6meV to 3.7eV . The data were combined with dc conductivity and higher energy reflectivity measurements, and a KramersKronig transformation was used to determine the conductivity.
The theoretical model is the Hubbard hamiltonian,
where summation over repeated spin indices is assumed.
In the limit of infinite dimensions the coordination number of the lattice (i.e. the number of neighbors q) gets large and the hopping is scaled as t ij → t √ q [3] . The lattice model is mapped onto an equivalent impurity problem supplemented by a selfconsistency condition.
The derivation of this result can be found elsewhere [4, 5] , so we only present the final expressions. The resulting local effective action reads,
where c † σ , c σ correspond to a particular site. Requiring that
, where we have assumed a semi-circular bare density of states
, which can be realized in a Bethe lattice and also on a fully connected fully frustrated version of the model [11] . We consider the symmetric case µ = 0. We use an exact diagonalization algorithm (ED) [12] and an extension of the second order perturbative (2OPT) calculation to solve the associated impurity problem [11] .
Early work on the optical conductivity in the Hubbard model was carried out by Pruschke et al. using quantum Monte Carlo [7] , a technique that is restricted to high temperatures.
The 2OPT and ED techniques allow us to study the low temperature regime near the Mott transition relevant to the experiments addressed here.
The optical conductivity is defined as σ(
be expressed in terms of the one particle spectrum [7, 13] ,
with
, e the electron charge, ν the volume of the unit cell, and a the lattice constant.
where the coefficient in front of the δ-function is the Drude weight and ω * P is the renormalized plasma frequency [14] . In the presence of disorder δ(ω) is replaced by a lorentzian of width Γ. The expectation value of the kinetic energy K is related to the conductivity by the sum rule
In the limit d → ∞ the Drude weight is obtained in terms of the quasiparticle weight Z, We will discuss the results for the model in regard of different experimental data on the V 2 O 3 system. Vanadium oxide has three t 2g orbitals per V atom which are filled with two electrons. Two electrons (one per V ) are engaged in a strong cation-cation bond, leaving the remaining two in a twofold degenerate e g band [15] . LDA calculations give a bandwidth of ∼ 0.5eV [16] . The Hubbard model ignores the degeneracy of the band which is crucial in understanding the magnetic structure [15] , but captures the interplay of the electron-electron interactions and the kinetic energy. This delicate interplay of itinerancy and localization is responsible for many of the anomalous properties of this compound, and are correctly predicted by this simplified model.
Experimentally one can vary the ratio U D
by introducing V vacancies. The parameters are extracted from the experimental data on V 2−y O 3 by comparing the measurments with the schematic spectra displayed in Fig. 1 , and are summarized in Fig. 2 we display the phase diagram for t 2 /t 1 = 1/3. It has the same topology as the experimental one [10, 17, 18] . Frustration lowers the T N eel well below the second order T M IT point [9] . Using the parameters of table I, T M IT ≈ 240K, which is only within less than a factor of 2 from the experimental result.
The dotted line indicates a crossover separating a good metal at low T and a semiconductor at higher T . Between these states ρ dc has an anomalous rapid increase with T . The reason for this feature can be traced to the disappearance of the coherent central quasiparticle peak in the DOS. We find the behavior of ρ dc to be in good agreement with the experimental Fig. 2 ) [18] . Another crossover is indicated by a shaded area, it separates a semiconducting region with a gap ∆ comparable with T from a good insulator where T << ∆, consequently the crossover temperature increases linearly with U and the crossover width becomes broader with increasing T . This crossover is characterized by a sudden increase in ρ dc as function of U at a fix T (inset Fig. 2 ). This crossover was experimentally observed in V 2 O 3 by Kuwamoto et al. [17] .
The experimental optical spectrum of the insulator is reproduced in Fig. 3 (dotted lines).
It is characterized by an excitation gap at low energies, followed by an incoherent feature that corresponds to charge excitations of mainly Vanadium character [1] . These data are to be compared with the model results of Fig. 4 . The size of the gaps ∆ (shown for various degrees of magnetic frustration in the inset of Fig. 4) , and the overall shape of the spectrum are found to be in good agreement with the experimental results [1] . Another quantity that can be compared to the experiment is the integrated spectral weight
which is related to K by the sum rule (4). Setting the lattice constant a ≈ 3Å the average V − V distance, we find our results also in good agreement with the experiment (left inset of Fig. 4) . Notice that the dependence of K and ∆ on the degree of magnetic frustration is not very strong, which is consistent with the view that magnetism in this system is not the driving mechanism of the metal insulator transition. Notice also that the experimental points are closer to the intermediate frustration curves than to the unfrustrated ones.
We now discuss the new data in the metallic phase. The experimental data for pure samples that become insulating at T c ≈ 150K were obtained for T = 170K and T = 300K, and are presented in Fig. 3 (full lines) . Both spectra are made up of broad absorption at higher frequencies and some phonon lines in the far infrared. They appear to be rather featureless, however, upon considering their difference (in which the phonons are approximately eliminated) distinct features are observed. As T is lowered, there is an enhancement of the spectrum at intermediate frequencies of order 0.5eV ; and more notably, a sharp low frequency feature emerges that extends from 0 to 0.15eV . Moreover, these enhancements result in an anomalous change of the total spectral weight
with T . We argue below, that these observations can be accounted by the Hubbard model treated in mean field theory.
In Fig. 4 we show the calculated optical spectra obtained from 2OPT for two different values of T . The interaction is set to U = 2.1D that places the system in the correlated metallic state. It is clear that, at least, the qualitative aspect of the physics is already captured. As the temperature is lowered, we observe the enhancement of the incoherent structures at intermediate frequencies of the order
to U and the rapid emergence of a feature at the lower end of the spectrum. Setting D ≈ 0.4eV we find these results consistent with the experimental data on V 2 O 3 . The two emerging features can be interpreted from the qualitative picture that was discussed before which is relevant for low T .
An interesting prediction of the model is the anomalous increase of the integrated spectral
as T is decreased. This is due to the rather strong T dependence of the kinetic
in the region near the crossover indicated by a dotted line in the phase diagram. This also corresponds with the behavior of the low frequency features in the spectra. From the model calculations we expect an enhancement of the spectral weight as T is decreased. With the chosen parameters this should occur at a scale T coh ≈ 0.05D ≈ 240K which correlates well with the experimental data. T coh has the physical meaning of the temperature below which the Fermi liquid description applies [9] , as the quasiparticle resonance emerged in the density of states. We find 
